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Increase in Spatial Visualization Test Scores 
During Engineering Study 


Mary F. Blade and Walter S, Watson 
The Cooper Union, New York 


I. INTRODUCTION 


HE AUTHORS of this paper observed a 
gain in spatial test scores 
during the first year of engineering 
studies of a group of about go students 
at The Cooper Union. During the suc- 
ceeding four years they attempted to 
measure factors related to this change. 
If the reader notes that at one point the 
group was divided into thirds for con- 
trast, at another place into upper-lower 
tenths or some other fraction, he need 
not look for complicated statistical justi- 
fication but he should merely recall that 
for many years two authors kept trying 
every likely device to probe and verify 
the change in spatial scores; The 
authors believe that the data justify the 
conclusion that much of the success of 
an examinee taking the College En- 
trance Examination Board Spatial Re- 
lations Test rests upon a level of experi- 
ence so far from optimum at the time 
of college admission, that two freshman 
courses can raise the level of a group 
that is already one-half sigma above the 
general population tested by the College 
Board to an average performance that is 
one and one-half sigmas above. Actually, 
so many students approached the ceiling 
score on the second test that the true 
gain could not be measured. 


A. History of the Problem 


The problems which form the back- 
ground of this study arose from the work 


of the authors, one a teacher of engineer- 
ing drawing and descriptive geometry 
and the other Director of Admissions at 
The Cooper Union. 

It has long been recognized that spa- 
tial visualizing test scores can be used as 
one of the predictive measures of the 
scholastic achievement of engineering 
students. At The Cooper Union we have 
used this test, with others, in selecting 
students for admission, 

We found that while spatial visualiz- 
ing test scores bore some relationship to 
the success of students in their engineer- 
ing drawing and descriptive geometry 
classes, there were some surprising con- 
tradictions. Many who appeared to be 
almost hopeless on the test were able to 
do well in related classes, while a few 
with top test scores did only average 
work, 

Available information as to illness, 
change of occupational goal, etc. ac- 
counted for those with good test scores 
who did less well than expected, but 
nothing explained those who did average 
or outstanding work in class when their 
test scores indicated they lacked the 
aptitude or “spatial relations ability” to 
do so. 

Our study was then aimed at discover- 
ing if there was change or growth in the 
students’ ability as measured by the 
spatial visualizing test. If so, we were 
also concerned in finding those experien- 
tial factors which were related to the 
change. 
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So far as we know , there have been no 
previous experimental studies which 
measured change in spatial visualizing 
scores with the same group of examinees, 
or which undertook to relate an indi- 
vidual student's background to his spa- 
tial visualizing score. Also, no studies 
are known which have compared test 
scores in engineering and nonengineer- 
ing groups. 


B. Procedure 


All students in an entering class of 
freshman engineering school students at 
The Cooper Union were given the same 
standard spatial visualization test three 
times. The first test was given as part 
of their entrance examination prior to 
admission, the second test after one year 
of school had been completed, and the 
third after four years of engineering 
school had been completed and the stu- 
dents were ready to graduate. There 
were 104 admitted students, of whom 89 
took the second test, and 46 took the 
third test. 

The students who took these tests 
were all men, from 16 to 28 years old, 
who had graduated from high school and 
had been selected from about 1,200 ap- 
plicants on the basis of high school 
achievement and the College Entrance 
Examination Board (CEEB) tests. Over 
two-thirds of the admitted group had 
graduated from special technical high 
schools and almost all the candidates 
had received scholastic awards in high 
school. 

A low score on any single test in the 
CEEB examinations did not eliminate a 
candidate, since a composite score based 
on all tests and high school grades was 
used as an index for admission. Thus, it 
was possible for a student to be admitted 
even though he may have had a low 
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score in the spatial visualizing test. 

The test which was used was provided 
by the College Entrance Examination 
Board through the Educational Testing 
Service, Princeton, New Jersey. It was 
one of the CEEB series of aptitude tests, 
the Spatial Relations Test Form VAC-1. 
It was a 60-minute paper-and-pencil test 
with two parts. There were go problems, 
of which 60 were intersections (see Fig. 1) 
and go were identical blocks (see Fig.2).’ 
This test involved the process of imagin- 
ing changes in positions of pictured 
objects (or the mental manipulation of 
visual images, which the authors prefer 
to call spatial visualization rathe: than 
“spatial relations”’).’ 

The scores on the tests given before 
and after the freshman year were com- 
pared to determine if there were signifi- 
cant changes. The scores were also com- 
pared to determine what changes oc- 
curred in the whole group and in in- 
dividual students after they had been 
studying for four years in an engineering 
school, 

In this study all scores are given as 
“raw scores,” or problems solved cor- 
rectly. The relation between raw and 
converted scores is constant (6.3 X raw 
score + 198). 

There was doubt whether results ob- 
tained at The Cooper Union might be 
due to our small, highly selected urban 
population or to some unusual teaching 
methods. To answer these problems we 
asked Col. L. E. Schick of the De- 
partment of Military Topography and 
Graphics of the U. S. Military Academy 


* Figures 1 and 2 are extracts from College 
Board Tests, the bulletin of information prepared 
by the College Entrance Examination Board, and 
reprinted with their permission. 

*See reference 6, in which the test that we 
used is characterized as a test of visualization 
rather than space relations. 
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2 3 4 
Fic. 1. Sample intersection problem. 
Directions: The first figure in each problem of this part is a drawing of a solid figure cut by a 
plane. The plane may cut the solid horizontally, vertically, or at an angle. At the right of each solid 
are five plane figures. You are to identify the ONE figure which correctly represents the shape on 


the plane of the intersection between the plane and the solid. On the answer sheet blacken 
the space under the number which corresponds to that of the correct plane figure. If none of the 


figures are right, blacken the space beneath the o on the answer sheet. 


at West Point to give the identical tests 
to their 593 first-year men. The tests 
were donated by the CEEB and given 
before and after a year of freshman 
studies substantially the same as those 
required in The Cooper Union or in 
other engineering colleges. 

Professor R. R. Worsencroft of the 
Department of Drawing and Descriptive 
Geometry at the University of Wisconsin 
School of Engineering also became in- 
terested in the study. He gave the same 
spatial visualizing test to 114 engineer- 
ing students. To contrast the engineer- 
ing students with other students who 
were not studying engineering, Profes- 
sor Worsencroft also tested a group of 
124 men who were Letters and Science 
freshmen at Wisconsin. We also retested, 
after a one-year interval, 77 men and 
women who took The Cooper Union 
entrance tests, with no college studies in 
the interim. This enabled us to compare 
the two groups and to determine the 
effect of engineering training on spatial 
visualization test results. 


As a check on the permanence of the 
change occurring during the freshman 
year, the same spatial visualization test 
was given to the same Cooper Union 
students near the end of their fourth 
year of attendance. In order to study the 
relationships between pretesting experi- 
ence and changes in spatial test scores, 
we also studied the individuals who 
were the subjects in the testing at The 
Cooper Union. Personal data for each 
student were gathered by questionnaire, 
and from the school record we learned 
about his high school training. Finally 
we studied the validity of the pre- and 
postfreshman spatial visualization tests 
as predictors of success in Descriptive 
Geometry and Engineering Drawing, as 
well as predictors of the final cumulative 
grade for all courses. 

The tests at The Cooper Union were 
given in May 1947, May 1948 and May 
1951; at West Point in September 1949 
and May 1950; and at the University of 
Wisconsin in September 1950 and May 
1951. 


2 3 4 
Fic. 2. Sample rotated block problem. 
Directions: Each problem in this part contains four drawings, two of which are different views of 
the same solid figure. The other two drawings are of different figures. You are to identify the two 


drawings of the same solid figure and on the answer sheet blacken the space under the numbers of 
those two drawings (i.e., under 1-2, 1-3, 1-4, 2-§, 2-4, OF §-4). 
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TABLE 1 


CHANGES IN SPATIAL VISUALIZING Test SCORES FOR ENGINEERING AND NONENGINEERING 
SrupeNnts BEFORE AND AFTER ONE YEAR OF COLLEGE 
(Raw scores on CEEB Spatial Test Form number VAC-r) 


Rent: Cooper Union West Point | University of Wisconsin 
Item Engng Nonengng | | Engng Nonengng 
(N=89) | (N=77) | | | (N=124) 
Average score before college 
(first test) 59.46 24.49 | 53.04 | §6.04 | 39.30 
Average score after one year 
college (second test) 70.99 29.34 66.23 68.17, | 45-73 
Change in average score 11.53 4-85 | 13.19 98.48 3 6.43 
SD (first test) 13.01 11.80 | 15.97 15.77 16.60 
SD (second test) 10.63 14.13. | 12.97 8.82 16.07 


Il. Tue CHANGE IN SPATIAL VISUALIZING 
Scores ArTerR A YEAR OF 
ENGINEERING TRAINING 


The Cooper Union engineering fresh- 
men showed significant gains in spatial 
visualizing test scores after one year of col. 
lege studies. These changes were con- 
firmed by test results at the U, S. Military 
Academy and by the engineering student 
scores at the University of Wisconsin. 

While the University of Wisconsin 
nonengineering students showed a gain, 
it was much smaller and might be attrib- 
uted in part to repeating the test a 
second time, and in part to experience 
during their freshman year with studies 
similar to those of engineering students. 

Tables 1 and 2 and Fig. 3 show the 
comparative results of the tests. 


A. Discussion of the Change in Scores 


In Table 1 the nonengineers at The 
Cooper Union are included solely to dem- 
onstrate the limited effect of test repeti- 
tion without any college studies between 
tests. They have not been considered in 
the general discussion which follows be- 
cause of this lack. 


Since the nonengineering students at | 


Wisconsin had the lowest mean score of 
the four student groups at the time of the 


pretest, they had the possibility of making 
the greatest gain. The difference between 
the nonengineering students and the 
other three groups can be seen more 
clearly by a comparison of the percent- 
age of possible gain in the four groups. 
The engineering students at The Cooper 
Union, West Point, and Wisconsin 
gained respectively 39 per cent, 36 per 
cent, and 36 per cent of the possible 
distance to a perfect score, while the 
nonengineering students gained only 13 
per cent of the distance to the ceiling. 
On this basis the engineering students 
gained about three times as much as the 
nonengineering students. 

A comparison of the scores of Cooper 
seniors with their preadmission scores in 
Table 2 will clearly show how great a 
change took place exclusive of drop- 
out. 


TABLE 2 


CEEB Spattat Test Form VAC-1 Scores For 
Cooper UNION ENGINEERING SENIORS 


(N = 46) 
T Average 
ont Score SD 
Before college (first test) 63.20 12.65 
After 1 year college 
(second test) 74.67 8.60 
After 4 years (third test) 14.74 8.04 
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B. Tests of the Significance of the 
Change in Scores 


In order to test the significance of 
changes in scores, the critical ratio was 
calculated, 

At The Cooper Union the 89 engi- 
neering students had an average score 
of 59.46 before admission and 70.99 
after one year, or a gain in average score 
of 11.53. This gain was a little less than 
the standard deviation of 13.01 on the 
first test and a little larger than the 
SD on their second attempt a year later. 
The critical ratio of this gain to the 
sigma of the gain was 12.96, which is 
enough greater than g to prove that 
something besides chance was producing 
the shift. Similar changes in average 
score at West Point (of 19.19) and at 
Wisconsin (of 12.13) gave high critical 
ratios. Even the gain of 6.43 for the 
nonengineers at Wisconsin was statisti- 
cally different from chance. What really 
interested us most was: Did the gain of 
the engineering students at Wisconsin 
(of 12.13) exceed that of the nonengi- 
neering students by a significant amount? 
The answer we found was a critical 
ratio of the difference in gains of 6.28, 
which still is definitively greater than 
the dividing point at g. 


C. Another Control Group Comparison 


Further evidence that improved test 
scores are due to engineering training 
and not to repetition of the test itself 
is offered by inspection of a group of 
77 applicants who took the spatial rela- 
tions test twice for admission to The 
Cooper Union. Since they were not ad- 
mitted the first time, they took the same 
test again for the same purpose about 
3 months later. Because the interval be- 
tween test sessions for these admission 
test repeaters is much shorter than the 
9 months or one year which separated 


the tests for admitted freshman students, 
the practice effect should be greater for 
the admission test repeaters. Actually 
they gained only 4.85, which is less than 
the gain of any of the freshman groups 
taking college studies, and much less 
than the gain of any of the engineering 
freshmen. (See Table 1.) 

The correlation (r) of .g2 between first 
and second test scores for this group of 
repeaters was much higher than the r 
of .76 for The Cooper Union engineer- 
ing freshmen. Predictions made for these 
admission test repeaters from an r of .g2 
are 61 per cent better than chance, while 
those for admitted freshmen based upon 
an r of .76 are only 35 per cent better. 
The lowering of the level of correlation 
and the increase in average score by ex- 
posure to related training both point 
towards a test of achievement rather than 
a measure of aptitude at the college 
entrance level. 


Ill. Facrors RELATED TO CHANGES IN 
SPATIAL VISUALIZATION SCORES 


If the test of spatial visualization is 
viewed as a test of aptitude, there is 
nothing further to be done with those 
students who score low in the test. How- 
ever, since the test was viewed as a meas- 
ure of achievement, it became important 
to the authors to find the identifying 
factors related to change, so that they 
might increase the quality of admissions 
predictions and point their teaching to- 
ward improving spatial achievement. 
With these ends in view we have studied 
the individual student gains, the relation- 
ship of these gains to precollege experi- 
ences, and the value of these tests as 
predictors of success in engineering at 
The Cooper Union School of Engineer- 
ing. No subjects, other than those at The 
Cooper Union, were available to the au- 
thors for comparison of the factors related 
to change and prediction. 
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TABLE 3 
CHANGES IN RANK AND Score Arter A YEAR OF ENGINEERING Stupy AT Cooper UNION 
Gain Lowest Middle Highest Total 
27% 49% 27% Group 
Average net gain in rank per stu- 
dent (equals rank on second 
test minus rank on first test) +11.5 — 1.7 —8.2 0.0 
Average net gain in test score per 
student (equals test score on 
postfreshman test minus score 
on prefreshman test) +19.3 +11.05 +5.13 11.65 
Average per cent of possible gain 
per student 0% | 42% | 43% 42% 


Note.—The students are separated into three grou 


according to their test scores on the pre- 


freshman spatial visualizing test. The groups are the lowest 27%, middle 46%, and highest 27%. 
The changes in scores are given for each prefreshman test group. 


A. Individual Gains in Test Scores 


Because many of the Cooper students 
were close to the ceiling of possible score 
on the test, we determined which stu- 
dents made the largest gains in score 
and calculated the percentage achieve- 
ment possible for each student. 

Table g summarizes these findings. 
The study confirmed our impression that 
the low scoring students moved up into 
the middle or upper groups, while the 
high scoring students on the first test 
moved closer to the test ceiling on the 
second test. The lowest students on the 
first or prefreshman test made the largest 
net gains in test score after a year of 
engineering study. 

The computation of ‘“‘per cent of pos- 
sible gain” shows agreement with the 


ranking study and the study of net change 
in scores. The student made an improve- 
ment of score of about 40 per cent of 
possible gain whether he was low, mid- 
dle, or high on the prefreshman test. 
The “per cent of possible gain” was 
computed as follows: Per cent of possible 
gain = 100 * (change in test score) di- 
vided by (maximum possible score minus 
score on first test). 


B. Permanence of Change in Test Scores 


Comparison of the three sets of test 
scores of the Cooper students shows that 
they made large gains after one year of 
engineering study and that they kept 
these gains during their four years of 
engineering college study. Table 4 shows 
the spatial visualizing test scores for each 


TABLE 4 


PERMANENCY OF GAIN IN SPATIAL VISUALIZING SCORES AFTER 
‘ToHree YEARS FoR SENIORS 


a Branch of Engineering Study Total 
Mech, | Elect. | Civil | Chem. | 
(N=16) | (N=13) | (N=6) | (N=11) 4 
Average prefreshman test score 69.8. 62.8 58.0 57.8 63.20 
Average postfreshman test score 79-9 71.3 71.5 72.7 74.67 
Average score after four years of en- 
gineering study 79-4 73-8 72.3 70.4 74-74 


| | 
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of the engineering branches of study 
of those students who took the three 
tests. 


C, Relation of Precollege Experience to 
Spatial Performance 


Personal data for each Cooper Union 
student was examined in relation to 
his performance on the spatial visualiz- 
ing test. 

The high and low scoring groups on 
the prefreshman test were examined for 
differences in hobbies, high school in- 
struction in mechanical drawing, and 
work experience. 

1. Mechanical drawing courses in high 
school. Several studies were made of the 
experience of Cooper Union students 
taking mechanical drawing courses in 
high school. These studies consistently 
showed that achievement on the spatial 
visualizing test was related to the num- 
ber of years of study of mechanical 
drawing in high school. However, there 
were some students who had low spatial 
visualizing scores who had studied me- 
chanical drawing, whereas all the stu- 
dents with high spatial scores had studied 
some mechanical drawing. 

For this Cooper Union class, the aver- 
age years of mechanical drawing studied 
in high school was 2.13. The highest 
third of the students on the prefreshman 
test had an average of 3.09 years of high 
school drawing, while the lowest third 
averaged 1.92. 

Table 5 shows a comparison between 
the highest and lowest 10 students on the 
prefreshman test compared with their 
prior preparation in mechanical draw- 
ing. 

2. Hobbies of students before entering 
college. Hobbies were roughly graded as 
follows: 


Class A. A mechanical or technical hobby 
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TABLE 5 


Comparison or YEARS OF Stupy or HIGH 
ScHooL MECHANICAL DRAWING OF THE HIGHEST 
AND Lowest STUDENTS ON THE PREFRESHMAN 
SPATIAL VISUALIZING TEST 


Spatial Test Scores 


Number of Years of | 
Study of Mechanical 


Drawing in High | Highest 10 | Lowest 10 


School Students | Students 
4 6 I 
3 I ° 
2 ° ° 
I 2 3 
I I 
° ° 5 


which required extensive use of hand or ma- 
chine tools. 

Class B. A mechanical or technical hobby re- 
quiring less skillful use of tools. 

Class C, Hobbies of repairing simple mechani- 
cal or electrical gadgets or making simple kinds 
of models. 

Class D. No hobbies of a related nature. 

The ten highest and lowest students 
on the prefreshman test were distributed 
as shown in Table 6 in relation to their 
hobbies. 

3. Work experience of students before 
entering college. The same students who 
were in the highest and lowest groups of 
ten on the prefreshman spatial visualiz- 
ing test had work experience shown in 
Table 7 prior to admission to The 
Cooper Union. 


D. Summary of Section III 


The spatial visualizing test scores ap- 
pear to be related to experiential factors 


TABLE 6 


Hossies or HiGuest AND Lowest SCORING 
STUDENTS IN THE SPATIAL VISUALIZING 


rests 

Highest 10 Lowest 10 

Hobby Students | Students 
(Scores 75 82) (Scores 23-42) 

Class A | 3 ° 
Class B 4 ° 
Class C 3 6 
Class D ° 4 
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TABLE 7 


Work EXPERIENCE OF HIGHEST AND 
Lowest ScorinG STUDENTS 


No. of Students 
High | Low 
Scoring | Scoring 
Full-time mechanical ex- 
perience prior to college 4 ° 
Summer mechanical ex- 
perience prior to college 2 I 
No mechanical work ex- 
perience prior to college 4 9 


such as work of a mechanical or techni- 
cal nature, high school courses in me- 
chanical drawing, and hobbies which 
require the use of hand or machine tools 
and construction of objects according 
to some plan. However, some students 
lacking classifiable experience in all 
these areas were able to succeed in their 
engineering college studies and graduate 
in engineering. 


IV. PREDICTIONS 


Next let us examine what relation- 
ships exist between the spatial test scores 
and the students’ success as measured by 
achievement in particular classes and by 
graduation. 


A. Relation of Spatial Visualizing Test 
Scores to Scholastic Achievement 


Comparison of the chances of gradua- 
tion for the 18 freshmen who stood 
highest on the spatial test given befor= 
admission with the 13 who stood lowest 
in the class showed that none of the top 
13 had any scholastic difficulty, although 
2 left school before graduation. Of the 
13 lowest on the spatial test, 7 failed to 
graduate solely because of scholastic diffi- 
culty. 

The students who were low in spatial 
scores and yet graduated made large 
gains in spatial test scores after a year 
of engineering study. In the lowest third 


of the prefreshman group, those who 
graduated made an average gain of 20.55 
during their freshman year whereas those 
who did not graduate made an average 
gain of only 12.9 spatial test problems. 

Thus, it appears that scholastic 
achievement, measured in terms of grad- 
uation, is related either to a high spatial 
visualizing test score on the prefreshman 
test, or to large gains during the fresh- 
man year of study. 

In the matrix presented in Table 8, 
each student has been rated in the high, 
middle, or lowest third for spatial vis- 
ualizing test score and also for his last 
cumulative rating for scholastic achieve- 
ment prior to graduation or leaving 
school. The table shows that the rela- 
tionship is 37 per cent better than chance 
that spatial visualizing scores are related 
to scholastic achievement. 


B. The Postfreshman Spatial Visualizing 
Test as a Better Predictor of Non- 
graduation in an Engineering School 
than the Prefreshman Test 


In order to compare the predictive 
value of the post- and prefreshman tests 
we prepared a matrix for the 65, gradu- 
ates. They were sorted into low, middle, 
and high thirds for both the pre- and 
postfreshman tests and were also sorted 
into low, middle, and high thirds for 


TABLE 8 


SPATIAL VISUALIZING Test ScoREs vs. 
SCHOLASTIC ACHIEVEMENT 


Final Cumulative 

Spatial Visualiz- | _ Scholastic Rating 

ing Postfreshman Mid- 

Test Scores | Low | “die | High | Total 
Third Third Third 

High third 9 7 14 30 
Middle third iy 14 9 31 
Low third 13 10 7 30 
Total | 30 31 30 ol 
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their last cumulative scholastic grade 

index. The 24 nongraduates were then 

sorted into these same groups according 

to spatial scores and cumulatives. We 

found that 41 per cent of the nongradu- 

ates were in the low third on the pre- 

freshman test while 63 per cent of the 

nongraduates were in the low third on 

the postfreshman test. 

This indicates that a spatial visualiz- 
ing test given after a common year of 
engineering school is a more valid pre- 
dictor of later engineering school failure 
than the prefreshman test. The post- 
freshman spatial test could be used in 
many universities permitting selection 
of a major field after one or two years 
of college studies. 

The spatial tests also predicted per- 
formance for the specific engineering 
courses of descriptive geometry and engi- 
neering drawing. Correlations were cal- 
culated for the pre- and postfreshman 
Spatial scores versus course grades in the 
two engineering subjects. In both 
courses, the postfreshman correlation is 
somewhat greater than the prefreshman 
(see Table 9). 

It should be noted that correlations 
in other schools tend to be higher than 


TABLE 9 


CorRELATION Between SPATIAL VISUALIZING 
Test AND Descriptive GeomeTRY AND ENGI- 
NEERING Drawins Course Grapes 


First | Second 
Variables Semes- | Semes- 
ter ter 
Prefreshman spatial test 
vs. engineering drawing r= 36 
Postfreshman spatial test 
vs. engineering drawing r= .40 
Prefreshman spatial test 
vs. descriptive geometry r= 
Postfreshman spatial test 
vs. descriptive geometry r= 51 54 
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TABLE 10 


COMPARISON OF SPATIAL VISUALIZING TEST 
Scores and Course GRADE IN DESCRIPTIVE 
GEOMETRY AND ENGINEERING DRAWING 


| Descriptive | Engineering 


Geometry Drawing 
| Spatial Test Spatial Test 
Course Score Score 
Grade 
| 10 10 10 10 
| High- Low- | High- | Low- 
| est est est est 
B (good) I 7 a 3 
C (average) 2 2 3 6 
P (passing) | o I 
F (failure) | o | |. © ° 


the correlation here presented, because 
the students’ ability in other schools 
typically extends over a wider range. 


C. Relationship Between Spatial Visu- 
alizing Scores and Course Grade 
Achievement 


When we examine the performance of 
the ten highest and lowest students on 
the spatial test (prefreshman) and their 
course grade achievement, it is further 
evident there is a positive relationship 
(see Table 10). 


D. Relationship of Spatial Visualizing 
Scores to the Various Branches of 
Engineering 


Our findings suggested that there was 
a difference in spatial visualizing scores 
among the students in the different 
branches of engineering. Table 4 reveals 
a considerable spread between the fresh- 
man mechanical and electrical engineer- 
ing students and the civil and chemical 
engineering students. Table 11 shows the 
spatial visualizing scores of the graduates 
in the four branches of engineering. 

It would appear from Table 11 that 
mechanical engineering students have 
higher spatial scores than their class- 


INCREASE IN SPATIAL SCORES DURING ENGINEERING STUDY 11 


TABLE 1: 


ANALYsis OF STUDENTS WHO GRADUATED, WITH PERCENTAGE ACHIEVING SCORES ON 


SpaTiaL Tests AccorpinGc To BRANCH oF SrupY 


Percentage of Each Branch Achieving Score 
Scores on Spatial 
Visualizing Mech. Elect. Civil Chem. Total 
Test Engng Engng Engng Engng 
(N = 16) (N= 13) (N =6) (N=11) (N = 46) 
Prefreshman 
80-90 16 ° ° 7 6 
70-90 53 19 17 8 27 
60-90 79 56 58 47 60 
50-90 9° 94 75 60 78 
40-90 100 100 86 80 92 
30-90 100 87 97 
20-90 100 100 
Average score 69.8 62.8 58.0 57.8 63.1 
Postfreshman 
80-90 58 6 7 27 26 
70-90 go 69 43 60 66 
60-90 100 88 79 87 88 
50-90 100 93 94 97 
40-90 100 100 100 
Average score 79.9 71.3 71.5 72.7 74.6 


mates. It may well be that mechanical 
engineering students have little chance 
of graduation unless they have excep- 
tionally high scores in spatial visualiva- 
tion. 

It is proposed that other schools follow 
up our limited study of course differences 
in spatial scores to discover whether 
there are real differences when there 
are enough cases to make the results 
more reliable. 


E. Relationship of Prefreshman Spatial 
Visualizing Test Scores and Mathe- 
matics Scores to Graduation 


Ability in mathematics has usually 
been considered a good predictor of 
achievement in engineering schools (3). 
We, therefore, were interested in deter- 
mining the relationships between spatial 
visualizing test scores, the CEEB mathe- 
matics test, and a student's chances of 
graduation. In making this comparison 
the test scores were ranked so that stu- 


dents were grouped in the highest, 
middle, and lowest thirds of scores for 
both mathematics and spatial visualiza- 
tion tests. The results are as follows: 
We found that while 80 per cent of those 
students who were in the highest thirds 
of both the mathematics and spatial tests 
were graduated, only 74 per cent of those 
students who were in the highest third 
on mathematics and the lowest third on 
Spatial were graduated. Of those students 
who were in the lowest third on mathe- 
matics and the highest third on spatial 
75 per cent were graduated. Only 55 per 
cent of those students who were in the 
lowest thirds of both mathematics and 
Spatial tests were graduated. 

Comparison indicated an unforeseen 
equality of mathematics and spatial tests 
as predictors of graduation from an en- 
gineering school. 


F. Summary of Spatial Visualization 
Test Scores as Predictors of Engineer- 
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ing College Achievement at The 


Cooper Union 


Those with high spatial scores tend to 
succeed in graduating from engineering 
college, and tend to obtain high grades 
in the directly related subjects of draw- 
ing and descriptive geometry. The post- 
freshman test has higher validity than 
the prefreshman test as a predictor of 
grades and of graduation. The one sur- 
prising item was the fact that being in 
the upper third on the spatial visualiza- 
tion test gave the same promise of grad- 
uation as being on the upper third on 
the mathematics test. On the other hand, 
those in-the upper third on both had the 
best chance while those in the lowest 
third on both had the poorest chance of 
graduation. 


V. SUMMARY AND CONCLUSIONS 


The authors observed an average gain 
in spatial test scores during the fresh- 


man year of nearly one sigma for a group 
of 89 engineering students at The 
Cooper Union. Similar results were ob- 
served for 593 cadets at West Point and 
114 engineering freshmen at Wisconsin. 
At graduation the Cooper students re- 
tained or increased their freshman gain. 


Nonengineering students at Cooper 
Union and Wisconsin had lower mean 
scores and made only one-half sigma 
gain. The difference in the gains between 
engineering students and nonengineer- 
ing students was statistically significant 
(critical ratio 6.98). 

For The Cooper Union students of 
engineering (the only group available 
to us for detailed study), experience in 
high school courses in mechanical draw- 
ing, mechanical hobbies, and related 
work experience were associated with 
high initial spatial test scores, Both pre- 
freshman and postfreshman spatial tests 


were positively correlated with grades in 
descriptive geometry and engineering 
drawing, but the postfreshman test ex- 
celled somewhat as a predictor of success 
in engineering classes. 

Predictions of graduation or nongrad- 
uation based upon the spatial test alone 
were a little more successful than those 
based upon the mathematics test, but not 
as good as predictions based upon com- 
bined spatial and mathematics tests. 

Small, and therefore unreliable, groups 
of seniors showed that mechanical and 
electrical course graduates had higher 
spatial scores than the civil and chemical 
graduates at The Cooper Union. 

This pioneer study of the same in- 
dividuals during a four-year engineering 
course indicates that spatial visualiza- 
tion as measured by the College Entrance 
Examination Board Spatial Relations 
Test Form VAC-1 is subject to impor- 
tant changes which appear to be related 
to experience in precollege hobbies, jobs, 
and high school courses in mechanical 
drawing, as well as the freshman engi- 
neering college program of studies. 

The study confirmed prior findings of 
a positive relationship between this spa- 
tial test and success in engineering draw- 
ing and descriptive geometry courses, 
as well as a positive relation between the 
test and graduation from an engineering 
college. There was an unreliable indica- 
tion of a difference in level of spatial 
visualization ability required to succeed 
in the four branches of engineering 
offered by The Cooper Union (mechani- 
cal, electrical, civil, and chemical). 

High school and college counselors 
will note with interest that while high 
scores on the spatial visualization test 
indicate an aptitude for engineering 
study, low scores do not necessarily in- 
dicate lack of aptitude. Such scores may 
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mean only a lack of related experience. 
Engineering schools which require one 
or two years of general studies might well 
consider the advisability of postponing 
selection of engineers until after the stu- 
dents have completed general studies 
(including engineering drawing and de- 
scriptive geometry), so that ability in 
spatial visualization would be nearer its 
final plateau, and therefore a more effec- 
tive predictor of success or failure in 
related studies. 

Teachers of drawing and descriptive 
geometry may wish to consider differen- 
tial programs of study for students who 
have undeveloped spatial visualization 
due to lack of experience. Such courses 


could well include much more use of 
solid models, construction, and manipu- 
lation, while other students with higher 
scores based on prior experience could 
use their time to better advantage solv- 
ing theoretical problems. 

The relatively rapid growth of all 
engineering students when exposed to a 
program of studies involving only a 
small portion of their time in spatial 
related experience suggests that other 
users of spatial tests such as the Air 
Force may be wasting much valuable ma- 
terial if they set too high a cut-off score 
before attempting to change the level 
of spatial-visualization performance by 
related training. 


REFERENCES 


. Brave, Mary F. Experiment in visualization. 
J. engng Drawing, 1949, 13, 20-40. 

. Case, H. W. The relationship of certain 
tests to grades achieved in an industrial 
class in aircraft design. Educ. psychol. 
Measmt, 1952, 12, 90-95. 

. Finptey, W. G, Using tests to select engi- 
neers. Proc. Inst. Radio Engrs., 1951, 39, 
1364-1967. 

. Jounson, A. P. Tests and testing programs 
of interest to engineering educators. J. 
Amer, Soc. elect. Engrs., 1951, 41, 277-283. 

. Koussy, A. A. The visual perception of space. 
London: Cambridge Univer. Press, 1934. 


6. Micnar., W. B. The nature of space and 
visualization abilities: some recent findings 
based on factor analysis studies. Trans, 
N.Y. Acad. Sci., 1949, 11, 275-281. 

7. Micnaer, W. B., ZimmMerMAN, W. S, & Guit- 
rorb, J. P. An investigation of the nature of 
spatial-relations and visualization factors in 
two high school samples. Educ. psychol. 
Measmt, 1951, 11, 561-575. 

8. Myers, C, T. The effects of training, or prac- 
tice, or both, on scores on CEEB Spatial 
Relations Test, Form VAC-1, Res, Bull, 
March 16, 1951. Princeton, N.J.: Edu- 
cational Testing Service. 


(Accepted for publication November 29, 1954) 


7 
Aig? 
Hy 
a 
4 
4 
: 
| 
VEORUE BANTA PUBLIBMING COMPANY, 
? 


